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REQUEST FOR DRAWING CHANGE APPROVAL 

In response to the Examiner's objection to Figs. 7 and 8 of the drawings as filed with the 
above-identified application on the basis that those Figures should be designated by a legend such 
as "PRIOR ART" because only that which is old is illustrated therein, Applicant respectfully 
requests approval of amendments to Figs. 7 and 8 of this application so as to designate those figures 
as - - PRIOR ART The proposed amendments to Figs. 7 and 8 are shown in red on the enclosed 
photocopy of the drawing sheets of this application containing Figs. 7 and 8. Further, pursuant to 
the Rules, Applicant is submitting herewith a clean copy of the sheet of drawing of this application 
that contain Figs. 7 and 8 labeled as "Replacement Sheet" in the upper right-hand margin, and 
respectfully requests that that clean copy of the sheet of drawing of this application containing Figs. 
7 and 8 be substituted for the corresponding sheet of drawing presently on file in this application. 

Applicant respectfully submits that this submission of a corrected replacement drawing 
sheet for the above-identified application removes one of the bases for the Examiner's currently 
outstanding objection to the drawings of this application. Accordingly, a decision so holding in 
response to this communication is respectfully requested. 
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REMARKS 

This is in response to the Official Action currently outstanding with regard to the present 
application, which Official Action the Examiner has designated as being FINAL. 

Claims 1, 3-13, 17 and 18 were pending in this application at the time of the issuance of the 
currently outstanding FINAL Official Action. By the foregoing Amendment, Applicants are herein 
proposing that Claims 1, 5, 6, 10, 17 and 18 be amended. Applicants are not proposing the cancellation, 
addition or withdrawal of any claims. Accordingly, in the event that the Examiner grants entry to the 
foregoing Amendment, Claims 1,3-13 and 17-18 as amended hereinabove will constitute the Claims 
under active prosecution in this application. 

The claims of this application are reproduced above including appropriate status identifiers and 
showing the Amendments proposed to be made as required by the Rules. 

More particularly, in the currently outstanding Official Action the Examiner has: 

1. Acknowledged Applicants' claim for foreign priority under 35 USC §119 (a)-(d) or (f), and 

confirmed the receipt of the required copies of the priority documents by the United 
States Patent and Trademark Office; 

2. Objected to the drawings as filed with this application on 14 April 2004 on the grounds that 
Figs. 7 and 8 should be designated with a legend such as - PRIOR ART - since only that 
which is old is depicted therein - Applicants by the foregoing Request for Drawing 
Change Approval have presented both copies of the drawing sheets of this application 
that contain Figs. 7 and 8 whereon it is indicated in red that the legend 

— PRIOR ART - is to be added to each of those Figures and also presented 
Replacement Drawing Sheets wherein the changes have been formally made. 
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3. Provided Applicants with a Notice of References Cited (Form PTO-892). 

4. Indicated that Applicants' previous arguments have been considered, but are deemed to be 
moot in view of the newly stated grounds for rejection. 

5. Agreed that the cited art does not specifically teach the limitation of the equation of the pit to 
be less than the optical resolution capacity A/(4NA), but suggests that the Tominaga reference 
teaches one skilled in the art that a pit on a layer can achieve a higher resolution limit and that 
the pits can be shorter than the optical resolution limit. 

6. Suggested that Applicants' comments concerning the orientation of the reading light beam 
are not relevant because there is no limitation concerning the same in the claims 

7. Suggested that the protective layer and the substrate in the Tominaga reference are made of 
the same material and that one of ordinary skill in the art would attribute the functions of 
those layers to be the same 

8. Rejected Claims 1 and 17 under 35 USC 112, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter that Applicants regard 
as the invention because the phrase "a recording layer for reproducing a signal from the pits" 
is indefinite because the layer does not reproduce the pits, but rather the recording apparatus 
or optical system converts the pits to information and thereafter compounds his misquotation 
of the claim language by assuming that the phraseology in question means that the recording 
layer is provided with pits for the reproducing apparatus to reproduce. 

9. Rejected Claims 1, 3, 5-12 and 17-18 under 35 USC 102 (b) as being anticipated by the 
Tominaga et al 5,569,517 reference 
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10. Rejected Claims 4 and 13 under 35 USC 103(a) as being unpatentable over the Tominaga 
reference in view of Jung 5,5 16,568. 

At the outset of these Remarks, Applicants wish to thank the Examiner and his supervisor for the 
courtesy accorded to their undersigned representative during a telephone interview concerning this 
application that was held on 18 June 2008. During the course of that interview, proposed wording for the 
purpose of overcoming the currently outstanding rejection under 35 USC 1 12 and the scope and content 
of the primary Tominaga, et al reference as it applies to the present invention both were discussed. 
Unfortunately, however, no agreement was reached with the exception that it was agreed that Applicants 
would file this Amendment After Final Rejection under 35 USC 1.116. In the latter regard, it was 
contemplated that this Amendment After Final Rejection would provide the Examiner with the 
opportunity to consider Applicants' positions as refined since the interview discussion and to pass upon 
Applicants' request that the finality of the currently outstanding Official Action be withdrawn in view of 
the Examiner's apparent misconstruction of the wording of Claims 1 and 17 in the currently outstanding 
FINAL Official Action. In addition, it was Applicants' understanding that their argument that the 
protective layer and the substrate in the Tominaga et al reference are clearly not made of the same 
material as the Examiner has suggested also would be considered by the Examiner in response to this 
Amendment After Final Rejection.. 

No further comment regarding items 1-4 and 6 above is deemed to be required in these Remarks. 

With respect to the currently outstanding rejections under 35 USC 1 12, Applicants by the 
foregoing Amendment are proposing that: 

(1) the reproducing layer be described in the claims as "a reproducing layer for improving 
the resolution of optical signals from said pits and passing said improved resolution 
optical signals from said pits to said optical system; and 
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(2) the resolution limit be described in the claims as "a resolution limit of an optical 

system of a reproducing apparatus which reproduces that optical data recording medium. 

It is Applicants' position that these amendments remove the bases for the currently outstanding 
rejections under 35 USC 1 12 not only because it is apparent that the Examiner apparently inadvertently 
misunderstood the nature of the reproducing layer (as being a recording layer) when he last examined the 
claims of this application, but also because the function of the reproducing layer is more clearly and 
definitively stated in the above amended claims than heretofore. Furthermore, the nature of the optical 
resolution limit set forth in the claims is clarified by the foregoing Amendment. The former of these 
changes is believed to be straightforward and to require no further discussion herein. The latter of these 
changes, on the other hand, is somewhat more complex. 

As the Examiner's supervisor observed during the above-mentioned interview, it is difficult to 
define an apparatus in terms of the characteristics of another apparatus with which it is to be used. 
Nevertheless, Applicants respectfully submit that the nature of the recording/reproducing apparatus that is 
to record information to and./or reproduce information from a particular storage medium is an important 
characteristic of that apparatus. Heretofore during this prosecution Applicants no believe that they may 
have attempted to force descriptive limitations on this characteristic of the apparatus being claimed in a 
manner that caused more confusion than clarity. Accordingly, in the foregoing Amendment Applicants 
have adopted that approach that there is going to be a reproducing apparatus that characteristically will 
have a resolution limit that will appropriately record information to and reproduce information from a 
disk having pits of a particular dimension and that that device may be characterized simply as "a 
reproducing apparatus which reproduces the optical data recording medium" without the necessity of 
more specificity. Having determined that, it then becomes straightforward to define the reproducing layer 
in terms of its creation and passing of signals having improved resolution over that achieved by the basic 
reproducing apparatus. 
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Hence, Applicants respectfully submit that the foregoing simplified statement of the relationship 
between the storage medium and the recording/reproducing apparatus with which it is used is now clear, 
definite and clearly indicative of the Applicants' possession of the invention at the time that this 
application was filed. Furthermore, once this relationship is understood in the foregoing terms, 
Applicants respectfully submit that there can be absolutely no question that they have satisfied the 
enablement and best mode requirements of the statute as well. 

Accordingly, Applicants respectfully request the entry of the foregoing Amendments and the 
withdrawal of any and all outstanding rejections under 35 USC 1 12 in response to this communication. 

Turning now to the Examiner's outstanding substantive rejections, Applicants already have 
agreed that as has been suggested the Tominaga et al. reference, in Figures 1 and 2, shows pits 21 shorter 
than the diameter cp 0 of a reading light beam. Nevertheless, Applicants also have submitted that this is , 
insufficient to anticipate the feature of the amended claims that specifies "pits disposed on a light incident 
surface thereof, corresponding to the recorded data, which are shorter than a resolution limit of an optical 
system of a reproducing apparatus which reproduces the optical data recording medium" for the following 
reasons. 

The beam spot diameter in devices of the type herein claimed is generally and conventionally 
denoted by those skilled in the art as XfNA (X: being the wavelength of read light beam, and NA being the 
numerical aperture). In contrast, the typical optical resolution limit is generally denoted by X/(4NA), that 
is as being equal to one quarter (1/4) of the beam spot diameter. Accordingly, when one skilled in the art 
views the pits shown in Figures 1 and 2 of Tominaga et al. bearing the foregoing facts in mind, it clearly 
appears that the pits depicted by Tominaga et al are longer than the optical resolution limit referred to in 
the claims as discussed hereinabove. In this regard it also is to be recognized that the Tominaga et al. 
reference does not explicitly teach pits shorter than the resolution limit of an optical system of an 
associated reproducing apparatus. 
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Indeed, as was discussed during the above-referred to interview, the Examiner in the currently 
outstanding Official Action has admitted that the Tominaga reference does not teach that the pits are less 
than the optical resolution limit as calculated by A/(4NA), but nevertheless maintained that one of 
ordinary skill in the art would understand that Tominaga is teaching pits shorter than the normal optical 
resolution limit by inference from the sections at Column 2, lines 24-35 and Column 10, lines 7-20 of the 
Tominaga et al specification. Specifically, it is Applicants' undersigned representative's understanding 
that the Examiner has based the foregoing position upon an unsupported belief that the only variable that 
accounts for the changes in super resolution as discussed by the Tominaga et al reference is changes in pit 
length thereby making the presently claimed pit lengths inherent in the Tominaga et al disclosure. 
Applicants cannot agree. 

In particular, it is Applicants' position that the Tominaga et al reference does not characterize the 
prior art referred to in the Background section of his specification in the manner referred to above because 
that art is different from and not relevant to the Tominaga Fig. 2 invention. Hence, while the materials 
referred to by Tominaga at Col. 2, lines 24-35 are suggested to achieve higher resolutions than the 
resolution limit of the associated optical system, those materials are different from the materials that 
Tominaga et al discusses with respect to his Fig. 2 and never quantify the length of the phase pits referred 
to as being optically read. Hence, Applicants respectfully submit that while Tominaga may indicate 
generally that reproducing layers are present in the art that can improve the resolution of information 
derived from pits in a substrate surface, nothing in Column 2, lines 24-35 of Tominaga is sufficient to 
anticipate the present invention because there is no disclosure, teaching or suggestion regarding the length 
of the so-called "phase pits" relative to the optical resolution limit of the optical system provided by the 
Tominaga et al reference in this (or indeed any) regard. 



BOS2 681928.1 



U.S. Serial No. 10/824,926 
H. Tajima et al. 
Page 15 



The same is respectfully submitted to be true with respect to the Examiner's comment that "super 
resolution is the ability to read an image beyond the diffraction limit resolution". In other words, without 
any specification teaching, disclosing or suggesting the specific quantitative relationship between the 
optical system resolution and the length of the pits, it is not possible to justify a position that the 
Tominaga et al reference anticipates the present claims that do specify the quantitative relationship not 
disclosed by Tominasa. et al. 

In this regard as well, Applicants respectfully submit that it should be recognized that the 
Tominaga et al reference specifically refers only to a suggestion that the results of at least one of the 
experiments described in his specification is that a higher resolution is achievable with a material that 
changes its reflectance with temperature. Applicants respectfully submit that the latter comment by 
Tominaga et al, even if true, is not sufficient to justify the expansive conclusions concerning the 
relationships between pit length and optical system resolution that the Examiner has chosen to draw from 
it. Hence, Applicants respectfully submit that neither of the portions of the Tominaga et al reference 
referred to by the Examiner is sufficient to constitute a reduction to practice by Tominaga, et al of the 
super resolution disclosed and claimed in this application and further that accordingly the Examiner has 
not justified a conclusion of anticipation based thereon. 

Moreover, Applicant respectfully submits that Tominaga et al does not inherently teach, disclose 
or suggest to one skilled in the art that so-called "super resolution" technology delivers a desired 
performance when the length of the pits that are the signal source are at or below the optical resolution 
limit of the associated optical system. The Tominaga et al reference's broad and generalized suggestion 
that it achieves a higher resolution limit than the optical resolution limit of the associated optical system 
does not constitute a teaching, disclosure or suggestion that that higher resolution limit originates only 
and/or necessarily with signals reproduced from pits shorter than the resolution limit of the optical 
system. 
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Indeed, as will be shown below, the length of the pits from which the signal originates in 
so-called "super resolution" technology wherein a higher resolution limit than the resolution 
limit of the optical system is achieved in fact can be longer, as well as shorter, than the optical 
resolution limit of the associated optical system. 

Hence, while the Tominaga et al reference may suggest that it obtains a higher resolution 
than the optical resolution of its associated optical system, that suggestion alone and taken only 
in and of itself cannot be taken as a disclosure that the Tominaga results are achieved with pit 
lengths shorter (or for that matter longer) than the optical resolution of the associated optical 
system. In other words, it is Applicant's position that while the broad and general overall 
concept of super resolution may be present to some limited extent in Tominaga et al disclosure, 
the Tominaga et al disclosure nevertheless is clearly totally insufficient to teach, disclose or 
suggest whether its results are achievable with pits that are shorter and/or longer than the optical 
resolution of the associated optical system because none of those quantitative measurements is 
contained in the Tominaga et al disclosure. Thus, the Tominaga et al disclosure is respectfully 
submitted to be insufficient to teach or disclose to one of ordinary skill in the art what the lengths 
of the pits should be in order to achieve "super resolution". In other words, the Tominaga et al 
specification could not qualify as a reduction to practice of the present invention because it 
provides no specifics concerning the length of the pits relative to the optical resolution length at 
all 

On the other hand, Applicants respectfully call attention to the fact that the present 
invention teaches unequivocally and specifically that the pit length should be shorter than the 
optical resolution of the associated optical system when "super resolution" is achieved. 
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Furthermore, as the following analysis shows, the pit length in some super resolution 
technologies can be longer than the optical resolution when "super resolution" is achieved 
thereby rendering the Examiner's "inherent teaching" basis for the currently outstanding 
rejections in the currently outstanding rejections untenable. 

In actuality, as the mark (i.e., pit) length approaches the optical resolution limit in an 
ordinary optical information storage medium one cannot obtain the strength (ex. C/N) of signals 
reproduced from marks longer than the optical resolution limit. The technology that improves 
the signal strength from such marks, even if the marks are longer than the resolution limit, is 
sometimes described as "super resolution. See, for example, Attachment I hereto dealing with 
magnetically induced super resolution and the following analysis that shows that the mark (i.e., 
pit) lengths in the disclosed magnetically induced super resolution context are longer than the 
optical resolution limit 

Consequently, Applicants respectfully submit that the Tominaga et al reference is 
insufficient to teach, disclose or suggest what the length of the pits should be in a system that 
achieves "super resolution" despite the Examiner's attempt to impute some sort of inherent 
disclosure to the Tominaga et al reference that is respectfully submitted to not really be there. 
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Analysis of Attachment I (magnetic super resolution) in comparison 
to Blu-Ray Disc of Attachment II 

In support of Applicants' assertion that the pit length can be longer than the optical 
resolution of the optical system in some cases wherein so-called super resolution is achieved, 
Applicants respectfully direct attention to attachments I and II which may be identified as 
follows: 

1 . Proc. SPIE 4342,252 (2002) 50-mm CAD-MSR Disk System with Blue Laser, 
Y, Murakami, et al - Attachment I 

2. "New Anatomy of Next -generation Optical Discs: In-depth Analysis (with partial 
English language translation of relevant sections) - Attachment II 



The minimum mark length described in Document 1 (that describes magnetically induced 
super resolution) above can be calculated through a comparison with Document 2 above 
as follows: 



The Abstract of Document 1 specifically indicates that it relates to a super resolution 
medium. 
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Document 1 at page 253, Fig. 1 explains track pitch while Document 2 illustrates the 
track pitch for a Blue Ray Disc 

Document 1 at Table 1 on page 256 states a reproduction wavelength of 406 nm, a NA of 
0.60, a recording format as land/groove and a modulation code of (1,7) RLL. Further, at 
page 258 of Document 1 a recording density of 1 1 Gbit/in 2 is disclosed. 

Document 2, on the other hand, at page 26 indicates a recording density of 1 8 Gbit/in 2 , a 
minimum mark length of 0.149 |im and a modulation code of 1-7PP (the same as (1,7) 
RLL) at 25-Gb BD. 

ANALYSIS 

The storage capacity, Q, for one revolution at radius r from the center of a disc is 
Q = C x 27tr/L 

Where 27ir is the circumference, while L is the minimum mark length and C is a constant 
determined by the modulation code . The area S of the data recording region located at 
radius r is given by 

S = 27ir x P 

Where P is the recording pitch. 
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Hence, the recording density D for the revolution is given by 
D = Q/S = C x 27ir/L/(27tr x P) = C/(L x P) 

Assuming the density Dl is the minimum recording density, the minimum mark (i.e., pit) 
length is LI, the recording pitch is PI and the constant CI is associated with document 1, while 
with regard to the structure of document 2 the density D2, the minimum mark length is L2, the 
recording pitch is P2 and the constant is C2 

Dl = C1/(L1 x PI) and D2 = C2/(L2 x P2) 

The modulation codes for Document 1 and Document 2 are equal which means that: 
C1=C2 

Thus, when one substitutes the values from documents 1 and 2 into the foregoing: 
Dl = 11 Gbits/in 2 (page 258 of Document 1) 

PI = 0.40|am - Since the recording scheme attached to document 2 is 'groove recording" (see 
Table 1) Recording Pitch P2 = Groove Width + Land Width. In contrast, the recording scheme 
of document 1 is "land/groove recording (see Table 1) and Recording Pitch PI = groove Width = 
Land Width. 



B0S2 681928.1 



U.S. Serial No. 10/824,926 
H. Tajima et al. 
Page 21 



Then: 

For the structure of Document 2 
D2= 18Gbits/in 2 
P2 = 0.32 um 

L2 = 0.149 um (see Table 1) 

Accordingly: 

Since CI - C2 

LI = C1/(D1 x PI) = D2 x (L2 x P2)/(D1 x PI) = 0.195 urn (well in excess of the minimum mark 
length L2 = 0.149 um 

Clearly, therefore, if both the discs of Document 1 and Document 2 are read by the same optical 
system and LI is equal to the minimum optical resolution of the optical system, the disk of 
Document 2 has a minimum mark length in excess of the optical resolution of that optical 
system, yet both the discs of Document 1 and Document 2 can in appropriate contexts exhibit 
super resolution behaviors. 
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Note: The recording scheme attached to document 2 is 'groove recording" (see Table 1) 
Recording Pitch P2 = Groove Width + Land Width. In contrast, the recording scheme of 
document 1 is "land/groove recording (see Table 1) and Recording Pitch PI = groove Width = 
Land Width 



In contrast to the foregoing, the present specification, at page 39, last paragraph to page 40, 
paragraph. 3, clearly describes the use of pits < 0.14 |im, that is shorter than the optical resolution limit, in 
securing sufficient signal quality (optical resolution limit: 0.16 |im = 408 nm / (4 x 0.65). In particular 
support of this assertion, please see the present specification at page 39, paragraph. 2. 

Accordingly, Applicants respectfully submit that the Examiner's rejection of the present 
application as being anticipated by the Tominaga et al reference is misplaced and should be withdrawn in 
response to this communication. A decision so holding is respectfully requested. 

Moreover, Applicants have noted that in comparing Claim 1 of the present application with the 
Tominaga et al reference, the Examiner has asserted that the protective layer 10 of Tominaga et al. 
corresponds to the substrate of claim 1 . See the currently outstanding Official Action at page 3 in the 
paragraph starting with "Regarding Claim 1 . It is to be noted in this regard, however, that Tominaga et al. 
includes a substrate 2 separately from the protective layer 10. Applicants respectfully submit in this 
regard that it is the substrate 2 that the Examiner should regard as corresponding to the substrate of claim 
1 in his comparisons of the present claims with the Tominaga et al reference and that when the correct 
comparison is made in view of the foregoing discussion it is apparent that this application is neither 
anticipated nor unpatenatably obvious over the art currently relied upon by the Examiner. 
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In the latter regard, Applicants respectfully submit that in the field of the optical data recording 
mediums it is so well known as to require no further support in these Remarks that what is termed as 
being a "substrate" is clearly distinct from what is termed as "protective layer". 

Therefore, Applicants respectfully submit that it will be seen that the Examiner continues to 
characterize both the elements 10 and 21 of FIG. 2 of the Tominaga reference relied upon as being " a 
substrate having pits". However, the substrate is clearly indicated at 2 and the pits are clearly indicated at 
21 (see Tominaga at Column 4, lines 18-22). Further, there is no indication that irregularities depicted in 
the drawings on the inwardly facing surface of the protective layer 10 in any way are (or can be) used to 
store information in a manner analogous to that utilized with respect to the pits. Still further, contrary to 
the Examiner's assertion, it appears that while the substrate 2 and the protective layer 10 are to be formed 
of less heat resistant resins than the mask layer 32 and can be deformed (see Tominaga et al at Column 7, 
lines 44-47), the substrate and the protective layer are not disclosed as being formed of the same 
material as the Examiner has suggested in the currently outstanding Official Action. . 

In summary, therefore, Applicants respectfully submit that the foregoing Amendments, if granted 
entry by the Examiner, overcome the currently outstanding rejections under 35 USC 112 and therefore at 
least place those claims in better condition for Appeal if not in condition for allowance as required by 37 
CFR 1.116. Also, Applicants respectfully submit that upon reconsideration in view of the foregoing 
Amendment and Remarks the Examiner will realize that while the Tominaga et al reference upon which 
he has relied may be generally relevant to the presently claimed invention, it is simply insufficient to 
justify the anticipatory conclusions that he has seen fit to derive from it. 

Hence, for each and all of the foregoing reasons, entry of the foregoing Amendment, withdrawal 
of the currently outstanding FINAL rejection, reconsideration and allowance of all of the claims present 
in this application after the entry of this Amendment in response to this communication are respectfully 
requested. 
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Applicant also believes that additional fees beyond those submitted herewith are not required in 
connection with the consideration of this response to the currently outstanding Official Action. However, 
if for any reason a fee is required, a fee paid is inadequate or credit is owed for any excess fee paid, you 
are hereby authorized and requested to charge and/or credit Deposit Account No. 04-1 105, as necessary, 
for the correct payment of all fees which may be due in connection with the filing and consideration of 
this communication. 



Respectfully submitted, 



Date: 3 July 2008 
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ABSTRACT 

A mobile magneto-optical disk system with 2 Gbytcs user-capacity is proposed. The disk consists of ^a cenier aperture 
detection typo of magnetically induced super-resolution medium, a 0.5 mm thickness substrate with 50 mm in diameter, 
and a newly developed ultraviolet curing resin film to keep the disk till small even if its surrounding environmental 
condition changes. The optics contains a blue laser diode of a 406 am wavelength and an objective lens with a numerical 
aperture of 0.6. A laser pulsed magnetic Held modulation method is employed and it realises land and groove recording 
with an effective track pitch of 0.40 ym. Practicable system margin values arc coafirmed ai 0.146 urn bit density (11 
Gbits/in 2 arcal density.) 

Keywords Magneto-optical disk, center aperture detection, magnetically induced super resolution, land and groove 
recording, laser pulsed ma gnerjc field modulation 



.1. INTRODUCTION 

A center aperture detection type of magnetically induced super-resolution (CAD-MSR) medium for red laser optics had 
bees studied 1 " 3 , and it bad already been in commercial use as like iD-photo\ In Order to obtain more huge capacity, 
CAD-MSR media bad been modified to be suitable lor blue laser recording* 0 . The combination of CAD-MSR media and 
blue laser optics enabled us to realize an acceptable capacity disk system for mobile audio-visual applications. 
This paper describes a 2 Gbytcs user-capacity 4 disk system with a 50 mm diameter CAD-MSR disk. Firstly, key 
technologies in this study are introduced. Secondly, the 05 mm thickness disk properties are reported. Realizing the 05 
mm thickness disk was one of key issues in this study. We utilized an amorphous polyolcfin polymer as the substrate 
material and developed a novel ultraviolet curing (UV) resin material for a protective film formed on the CAD-MSR 
medium. Hie completed disk, consisted of the injection molding substrate with a OS mm thickness, the CAD-MSR 
medium, and the newly developed UV resin protective film, showed very small disk lilt and it was kept even in severe 
environmental tests. Finally, experimental results for readout and recording characteristics arc reported. The obtained 
margin values proofed that the proposed system was available for practical use, 

- 2. KEY TECHNOLOGIES 

Key technologies in ihi* study are illustrated in Fig. 1. It is our proposal to realize a mobile consumer use product with 
acceptable wide system margins. A blue laser diode made by Nichia Corporation was used in this study. The wavelength 
was 406 am. A moderate 0.6 numerical aperture (NA) objective lens was utilized as like conventional far field optics. The 
substrate dimensions were 50 mm m diameter and 0.5 mm in thick. The latter induced relatively larger lilt tolerances in 
comparison with the thicker substrate. The substrate was fabricated by an tojeclion molding process, The effective track 
pitch was 0.4 um and its depth was 35 nm. The groove depth was set to obtain good margin balance between lands ant) 
grooves. Such dimensions of grooves were duplicated through a reactive ion etching (RIE) glass mastering process. II 
biought a good bit error rate (13ER) of magneto optical (MO) signal. An improved CAD-MSR medium for blue laser 
recording was supplied to thi* stucly 7 . it. was a magneto-static type of CAD-MSR medium and it had higher recording 



252 



Optical Data Storage 2001, Torrti Hunn, Selji Kobayashl, Edftorc. 
ProceeolnsTj of 8P(E Vol. 4342 (2002) ©2002 $PIE ; 0277.7a6X/02/$1 5.00 




power sensitivity and higher recording magnetic field 
sensitivity suitable for mobile drives with lower 
electric consumption. A newly developed UV resin 
protective film was employed to reduce the transient 
disk tQt even if the surrounding environment c hinges* 
It is one of the most important technologies because it 
enabled the 0.5 mm thickness disk to be in practical 
use, and our proposal system was realized. A laser 
pulsed magnetic field modulation method was adopted 
in this system and it enabled for us to achieve land and 
groove recording with a narrow OA um track pitch, By 
combining those components, available system 
margins were obtained at an area! density of 11 




Figure t; fCey technolggfes In this study. 



3. FABRICATION OF 0.5 MM THICKNESS SUBSTRATE 

3.1 XUE glass mastering 

An JUE glass mastering technique was adopted in this study . Figure 2 shows the farmer part of disk fabrication processes. 
A positive type photo resist was spin-coated pn a qunr&.glass substrate, The typical thickness of resist was 70 nm to obtain 
the groove depth of 35»40 nm. Laser cutting (exposure) process was carded out and tbe exposed resist was removed by 
developing. Generally this remaining resist pattern is utilized as a photo resist master to fabricate a stumper for the 
injection molding. In this study the quartz glass was reactive -ton etched with CF4gu>, and the etched gjOoves were formed 
directly on the glass surface. In detail, the photo resist pattern was also etched with a similar etching rate, and the 
remaining photo resist removed after etching. 

Figure 3 shows an atomic force microscope (AFM) image of the RIE glass master. The etching power was 400 watts. The 
centerline average roughness of etched groove surface was less than 02 nm, It was a quite small value as well. as tbe quartz 
glass surface or the land surface. The laud portion was not etched because it was covered by the photo resist Additionally 
in the RIB process, the land width of the RIE glass mater hardly depend on that of the covered photo resist pattern. It only 
depends on the dimensions near the bottom of the photo resist pattern. This advantage produced better uniformity of land 
(and groove) dimensions. Figure 3 shows it dearly that the boundary wall between the land and groove has a very smooth 
surface and a good straightness in tangential direction. Such the superior flatness and the good uniformity of land and 
groove dimensions including croove walls totally induced a lower track noise than that of the fabricated disk by a photo 
resist master. The lower track noise led the good BER of MO signal, and brought wide system margins. 
Tbe RIE glass master has the other advantage for the mass 'production of substrate. One RJE glass master caa produce 
multiple stampers. In general, the stamper for the injection molding is fabricated by electroforming a photo resist master, In 
this case, the photo resist pattern on a glass substrate is damaged when the stamper is peeled off the photo resist master 



(X) Resist cooling 



(2) User cutting 



p) Developing 



(4) Reactive 

Ion etching 

Figuro 3: Atomic microscope image of reactive ion 
Figure 2; Disk fabrication processes. etched jlass master. * 
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After ibe elcctrofonuing process. Therefore, ooiy one stamper can be obtained from one photo resist master. On the other 
band the etched pattern sustains do damage** So multiple Hampers cad be obtained from one RIE glass master with good 
reproducibility. It is useful to product a large quantity of substrates with the same quality. 

32 Injection molding 

Desirable key factions for substrates to the MO Celd are: small birefringence, small tilt, and good duplicate ability. 7 0 ^ 
meet these demands, an amorphous polyolefin polymer was employed as the substrate material tu this study. It bad better 
optical characteristics than a couvonlioual polycarbonate polymer and had do difficulty in controlling the disk till and the 
duplicate properties of grooves in our injection molding process* 

Figure 4 shows the birefringence of injection molded substrates of the amorphous polyolcfin and the polycarbonate. The 
vertical axis indicates the retardation value for a single pass of a 633 am wavelength tight irradiated in normal direction to 
the substrate surface. A retardation value less than 420 nm is preferable in practical use. The amorphous polyolefin met the 
demand in all radial positions. The polycarbooate showed large retardations at the inner radius area in our study*. 
Figure 5 reveals a typical data of axial deflection 00 the injection molding substrate. The maximum axial deflection was 
below 14 jim per revolution, and the radial and tangential tilts Were +1.2 norad. and +0.6 mrad.* respectively. Those tills we 
small enough iter practical use. Additionally, the deviations of tilts between several hundred substrates were within 0.2 
mrad , in both directions. A good reproducibility of tilts in the injection molding process was confirmed; 
By the way, we should snake a completed disk tilt be in a desirable value. The completed disk contains a CAD-M5R 
rhedium and a ITV resin protective film formed on the substrate in this order. The radial tilt moves generally by forming a 
recording medium and a UV resin protective Him, due to the unbalance of internal stresses. In our Study, the movement 
w»s approximately -2 mrad, and the radial tilt of completed disk iu this case was about -1 mrad. The tangential tilt was 
kept almost (he same value of the substrate. Both radial and ta ngential tilts on the completed disk tUts ait small enough for 
practical use. Our internal target s for the completed disk tilts were t&5 mrad. in radial, and S2L5 mrad. in tangential 
direction. The fabricated disk in this study met the internal specifications with sufficiently wide production margins. 
Figure 6 shows an AFM image of the injection molding substrate. The image indicates the good straJghtness of boundaries 
between lands and grooves, as welt as the REE glass master shown in Fig. 4. And also th c Centerline average roughness was 
less than 02 am on both land and groove surfaces. The roughness was almost the same as those on the RIE glass master 
and the stamper. Thus we confirmed that the amorphous polyolcfin revealed a good duplicate ability and generated a 
smooth surface in the injection molding process. 




3*3 New UV resin material to reduce transient disk tills 

It is one of the most significant matters to keep a completed disk tills constant whenever the surrounding environmental 
conditions change We developed a new UV resia Him and confirmed its ability for reducing the transient tilts 9 . 
In general, when the surrounding temperature or the humidity changes* a disk 4 tilt changes by the difference of thermal or 
humidity expansion or contraction volumes between the substrate, the recording dm, and the W resin film, Conversely, it 
is possible to reduce the tilt movement by adjusting expansion (or contraction) volumes between them. In the case o f the 
temperature expansion, the coefficient of thermal expansion of the CAD -MS R film is approximately one order less than 
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Figure <t: Birefringence of injection molding substrates. 
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Figure 5: Axial deflection of injection molding substrate 
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hose of (he substrate and the UV resin materials. Moreover, the humidity expansion o( the CAD-MSR is supposed to be 
ilmost zero and can be negligible complied with other elements. So wc modified the UV resin material to be balanced the 
hernial and humidity expansion volumes between Ibe substrate and the UV resin film. In concrete, the UV resin material 
yas modified to have a larger thermal expansion coefficient and a smaller humidity expansion coefficient than those of 
commercially used UV resin materials. Off course, (be modified UV resin maintained other important roles; protection of 
recording layers and high lubrication ability for the magnetic heed. 

figure 7 shows an cxjmrimcntal result for an environment teM to confirm the new UV resin performance. The experimental 
disk consisted of: an amorphous polyolefw substrate with a 0,5 mm thickness, a CAD-MSR medium with about 200 nm 
total thickness, and a newly developed UV rosin protective Sim with a 15 fim thickness. The horizontal axis indicates the 
exposure lime and the sample disk had been placed in the environmental testing chamber. A laser displacement meter for 
measuring the sample disk tilt was also constructed in the testing chamber and the disk tilt was measured in real time. The 
vertical axis shows the radial till value. The minus tilt on the vertical axis indicates thai the disk gets close to an optical 
head. TUe tilt change in tangential direction was very small within 03 mrad. in this test. So the tangential data were 
omitted graphing. 

In this test, the sample disk had been placed in the testing chamber over 24 hours under a condition of 2S°C-50%R.IL 
(relative humidity) to let the disk tilt reach to an equilibrium state. The 2S°C«50^>R.H. condition is very close lo the room 
condition, so wc defined the tilt value of the above equilibrium state as the completed disk tilt. The completed disk till-in 
this test wis +1 xnrad, as shown in the figure. After con£nuing the completed disk tilt, Ibe environmental condition was 
changed lo 70 P C-5%IUL The 5%RJL at 70*C had an important meaning that the absolute humidity, not relative humidity, 
was almost the same as the 50%ILH. at 25°C So we could know the tilt change only by the temperature transition. It was 
only +0.7 xnrad. Then the environmental condition was returned to 25 °C-50%K.H., and we confirmed the disk tilt also 
turned back to the initial value. Then only the humidity was changed from 50 to 90%RJL at 25 °C The tilt change only by 
the humidity transition was -1.6* mrad. Tlic latter humidity change looked like large, but the absolute ti It value was in the 
range between +2.1 and -0.2 mrad- It was quite small value for read Ingtoriting operations. And w c should point out that; 
in the case of utilizing a commercially used UV resin material, the radial tilt exceeded 10 mrad. in our study. 
Figure 8 shows the other result for a more severe testing condition. The test condition was compliant with internally 
defined operating conditions. The temperature range was S to 6S a C and the hurnidily one was nearly 0 to 90%. In this test, 
the largest tilt change was about ~2 mrad* at the condition change from 25 °C-50%ILH. to 38°C-90&1U1» It was slight 
larger than the previous data shown in Fig* 7. It is caused that not only humidity change but also temperature change was 
added in this test. The humidity absorption became larger due to the higher temperature, we suppose* Nevertheless, the 
absolute radial tilt Was sufficiently small and within 12 mrad. 

In this test, we tried testing under the lower temperature condition than -5*G However a condensation occurred and it 
prevented measuring (he disk tilt. With making an estimate from the tilt shift result between 25 and -5*C» the predicted tilt 
at -25 9 C becomes ~1A7 mrad* If the -25°C condition was adopted, the disk tilt would bo kept in practicable range. In 
addition, the sample disk showed a good xeveiribility of tflt ia other climatic environrocot tests: 80 Q C-90%R.H, for 240 
hours and -25*C for 240 hours. It proofs that both materials of the UV resro and the substrate maintained their original 
characteristics even after such tight conditions. 
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Figure 6: Atomic microscope image of Injection molding 
substrate. 
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Figure 9: CAD-MSR medium structure in this study. 



4. READOUT AND RECORDING PROPERTIES 

Figure 9 shows the CAD-MSR medium structure in this study 7 . The major improve mcnl points compared with that in the 
previous report** 5 wore as foDows: A Gd Intermediate layer was employed instead of a conventional non -magnetic Uycr 
made of Ag-alloy, and the trUaycr structured recording layers was changed to a single recording layer and added a 
write-assist layer. Tbc former wade the readout power margin wider and the Inner made the recording power and magnetic 
Held sensitivity higher. 

Tabic X presents measurement conditions* the effective track pilch was OA pro and land and recordiog was performed in 
this study. The recorded bit length for various system margin estimations was set to 0.146 fj.ro. The aretl bit density was 11 
CbitsVSn . The laser pulsed magnetic field modulation method was employed to realize higher track density recording a od 
the recordiog pulse duty was set to.33%, The linear velocity was 3.2 m/s, and the recording mag nctic Held was 250 Oc. 
The data channel dock was 33 MHz and the (1,7) RJX (run-lenglh-Hmited) coding was utilized. The partial response (PR) 
of (1,2,1)' detection aud the Viterbi detection methods were combined to evaluate the BER, 

Figure 10 shows the BER dependence otf the linear bit length. The recording channel clock was kept constant and the 
linear velocity was changed for each bit density in this measurement. The BER values on both land and groove were in 
constant over the hit length of 0.16 um, and (hose values were near 1E-6* The BER value near IE -6 indicate* that the 
number of defects on the substrate is quite small, and the readout resolution of medium is sufficiently high. Our target hit 
density in this study w»4 0.146 Jim kns*- A 5lj S^ k» of BER was observed but it was a relatively good BER value. 
Several system margins were investigated in the bit density. 

Figure 11 shows the BER dependence on the recording laser power. We defined a recording power margin from this result. 
The readout power was 1.82 mW for land and 1.68 mW for groove, Both of those powejs were the center readout power 



Table ! Measurement conditions, 
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40$ wu 
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Record^ method 


Laser prised MFM 
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33ft 
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Modulation cede 
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DiU detection 
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Figure 10: Bit error rate dependence on linear bit length. 
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Figure 12: Bit error rate dependence on readout laser power. 



obtained in a readout power margin mca$uremeut. The dotted lines show the BER for a 1 -track recording state. The 
measured truck had been pre-recorded with a large recording power above 10 mW, ami after that the track was over-writtcn 
with a small power* So residual domains exisb If the overwrite power is too small, It was a severe condition to know (he 
oveiwrile-abjlily.The adjacent tracks were in an as -deposition state, where no data was recorded. The solid lines show the 
BER for o 3-track recording state. The adjacent tracks were also recorded with the same recording power. The inserted 
numbers in the figure indicate recording power margins for land and groove. The BER criterion for determining the margin 
was 5E-4. It was equivalent to the limit of error correction ability in this study. Hie under limit of recording power was 7*8 
mW. It was nearly equal as that in red laser systems we had been studied. It is acceptable recording power sensitivity for 
realizing a mobBc disk drive system.' The upper recording power was limited by the cross-write phenomenon dominaotly, 
not by the cross-laJk one. In blue laser recording, the peat temperature of the recording medium reaches higher than that of 
the red laser recording due to the higher energy density in the beam spot therefore, to let the beat out from the recording 
layer became more important and the CAD-MSR medium b this study had the countenneasuro by increasing the thickness 
of thermal control layer. Hie thickness was changed from 40 to 70 nm in this study. It functioned effectively to reduce 
cross-write and a relatively large margin value Was obtained as shown to Fig. 11, The internal specification for the 
recording power margin was sl5& The experimental results were beyond it both land, and groove* h the case of the 40 
nm thickness, the margins were less than £10%. 

Figure 12 shows the BER dependence on the readout laser power. The measured track was the 3 -track state recorded with 
the center recording power. The obtained margins were clear our internal spec location of ±12% on both land and groove. 
Figure 13 shows disk tilt margms in: (a) radial , and (b) tangential directions, respectively. The measured track was the 
same 3-track state for estimating the readout power margin. In this measurement, the readout power was adjusted for each 
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Table 2 Margin list of experimental remits and internal a pecificaliona. 



til; stale. In (he CAD-MSR system, controlling Use 
aperture size is important to get wider tolerances for 
readout When tie disk tilts, the peak intensity of 
Use focused readout bean decreases by coma 
aberration in comparison with that in the no -lil t state. 
In order to.cprnpeasaU the intensity loss and to get 
the same aperture size, a higher readout laser power 
is needed* Consequently, the larger the tilt, the 
larger the readout power becomes. The internal 
specifications were ±10 mrad. for radial and ±6 
mrad. for tangential directions. Tbe obtained 
margins were large enough compared with the 
specifications. It is noted that such wide enough 
margins were generated by combining of the 
moderate 0,6 NA lens, the thin 0.5 mm substrate* 
and the CAD-MSR medium. 
Table 2 lists experimental results and internal 
specifications for cud item. The readout power 
margin for the groove and the recording power 
margin (or the land were very close to the interna] 

specifications but all of experimental results satisfied the specifications. Additional ly, the radial and tangential lilt margins 
were sufficiently wider than the specifications. It suggests that the OS mm thickness disk can be applied to higher 
numerical aperture systems as like 0.65 or 0.7. Realizing larger capacity disk system is to be expected. 

5. CONCLUSIONS. 

We confirmed that a 2 GB usexsapacity CAD-MSR disk with a 50 mm diameter was accomplished with practicably 
available margins. Tbe experimental optical head consisted of a blue laser diode and an objective lens of 0.6 NA. The area] 
recording density reached to U GbiuVra 3 with land and groove recording of 0*4 \Lm wide tracks. The disk substrate 
thickness was 0.5 ram We confirmed* the injection molding of the 0,5 mm substrate was possible with small tilt, good 
duplicative ability, and good optical properties. We also developed a novel UV resin material to keep the completed disk 
tilt small even if the surrounding climatic condition changed, Tbe CAD -MSR medium was improved to match blue 
recording and it generated superior readout resolution and good sensitivities for the recording laser power and the 
recording magnetic field. The accomplished CAD-MSR dbk produced Available system margins for practical use. 
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Table 1 (Major specs for BD-RE Ver. 1.0) 





xO.o VJP j£0 vjD or D 


for Single- sided, Single Layer 




(Two layers on each side) 


(46.6 Gb) (SO Gb) (54 Gb) 


Wavelength of Standard 




Oscillation of Light Source 


405 nm 


Diameter of Disc 


12 cm (internal diameter 15 ram) 


Thickness of Disc 


1.2 mm 


Thickness of Cover Layer 




for Recording Layer 


0.1 mm 


Aperture of Objective Lens 


0.85 


Track Pitch 


0.32 pirn 


Recording Film 


Phase change recording film 




(ex. Ge-Sb-Te or eutectic) 


Minimum Recording Mark Length 


0.16pm 0.149 pm 0.138pm 


Surface Recording Density (Gb/inch 2 ) 


16.8 18 19.5 


Rotation Control 


CLV 


Standard Data Transfer Rate 


36 Mb/second 


Recording Track 


Groove Recording 


Address 


Wobbling"* 


Encoding 


1-7PP^ 


Error Correction 


Combination of LDC and BIS 


Image Recording 


MPEG-2 Transport Stream 


Sound Encoding DolbyDigital, MPEG-1 Layer II, etc. 



•i Combination of "STW* proposed by Matsushita and "MSK" by Sony. 
* 2 Abbreviation for "Parity Preserve/ Prohibit RMTR (repeated minimum 



transition runlength)," a modification to (1,7)RLL proposed by Sony. 
BTS: burst indicating subcode CLV; constant linear velocity 

LDG: long distance code MSK: minimum shift keying 

STW: saw tooth whole 
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Fig. 6 

(a) shows the structure of a rewriteable Blu-ray disc. The disc 
employs "groove recording" where data is recorded either on the 
land or the groove on the disc, (b) is an electron microscope 
image looking straight down oxi recorded marks. Data is 
recorded on the groove (on-groove) as seen from the direction of 
incident light from a blue-violet laser device (see (c)). A 
numerical simulation demonstrated that the laser beam 
concentrated in grooves in pn-groove recording and expands 
beyond grooves in in-groovc recording. 



(a) Disc structure 

A: Blue-violet laser beam 
B: Wobble 

C: Recording mark (on-groove recording) 
D: Cover layer (0.1 mm) 
E: Disc substrate (1.1 mm) 
F: Minimum recording mark 

0.16/0. 149-/0. 138 pm for 23.3/25/27 Gb 
G: Phase change recording film 
H: Track pitch 

(b) Recording marks (appearing dark gray) on disc 

(c) A: On-groove recording selected 

B: Data is recorded here in on- groove recording. 
C: Data is recorded here in in-groove recording. 
D: On-groove recording 
E: In-groovc recording 
F: Cover layer 
G: Dielectric layer 
H: Recording layer 
I: Dielectric layer 

J: Disc as seen from cross-sectional direction 
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K: Disc as seen from above 

L: Laser beam concentrates in grooves 

M: Laser beam expands beyond grooves 




Fig.8 



